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Chronic PKCActivation Inhibits the Repolarizing Cardiac Current by De-
creasing the Functional ion Channel Expression at the Plasma Membrane
Kaleef Williams, Jin O-Uchi, Angelica Martinez Perez, Coeli M.B. Lopes.
Background: Cardiac arrhythmias are particularly common in heart failure
patients. The slow delayed rectifier Kþ current (IKs) is decreased in patients
and in animal models of heart failure. However, the molecular mechanisms
for IKs decrease are not known. PKC signaling is one of the most prominent
pathways activated during heart failure, with both expression and activation
of PKC being increased. Hypothesis: Chronic PKC activation inhibits IKs
and delays cardiac repolarization, contributing to arrhythmogenic risk in
heart failure. Methods: Human IKs channels, PKCalpha catalytic subunit
(CA) and alpha1A-adrenoceptor (alpha1A-AR) were expressed in
HEK293T cells. IKs current was measured by patch clamp. Subcellular local-
ization of GFP-tagged IKs channels was observed by confocal microscopy.
Results: IKs currents were strongly inhibited by either overexpression of
PKCalphaCA or 2-hr alpha1A-AR stimulation by phenylephirne (Fig. 1A),
although acute application of Ca2þ-dependent PKC (cPKC) activator peptide
or alpha1A-AR stimulation increased IKs. Plasma membrane localization of
GFP-tagged IKs channels was significantly decreased by chronic alpha1A-
AR-cPKC signaling activation (Fig.1B). Application of PKC inhibitors or
mutation of a putative PKC phosphorylation site in the auxiliary KCNE1 sub-
unit abolished this effect. Conclusion: Chronic PKC activation inhibits IKs
currents by decreasing channel plasma membrane expression via direct phos-
phorylation of KCNE1 subunit. Our results suggest that cPKC-dependent
phosphorylation of the IKs channel may contribute to QT prolongation and
arrhythmogenesis in heart failure and implicate cPKC inhibitors as potential
novel antiarrhythmic drugs.1545-Pos Board B455
Hydrogen Peroxide Increases KV Currents by Altering Intracellular Glu-
tathione Redox Status in Rat Mesenteric Arterial Smooth Muscle Cell
Sang Woong Park, Dong Jun Sung, Jeong Min Kim, Hyun Ju Noh, Jae
Gon Kim, Bokyung Kim, Young Min Bae, Sung Il Cho.
Hydrogen peroxide (H2O2) was reported as an endothelium-derived hyperpola-
rizing factor in mammalian arteries. However, the effect of H2O2 on voltage-
gated Kþ (KV) currents, which are reportedly the primary regulator of resting
membrane potential in many arterial smooth muscles including rat mesenteric
artery, is unclear.
In this study, using whole-cell patch-clamp technique, we examined the effect
of H2O2 on the Kv currents of rat mesenteric arterial smooth muscle cells
(MASMCs). H2O2 increased the Kv currents in major portion of MASMCs,
whereas a slight decreasing effect of H2O2 on the Kv currents was evident in
minor portion of MASMCs. As a reason for this heterogeneity, we hypothe-
sized that heterogeneity exists in the basal intracellular redox status of
MASMCs and that the effects of H2O2 on the Kv currents are intracellular re-
dox-dependent. Pipette application of either H2O2 or oxidized glutathione
(GSSG) resulted in the increased Kv currents compared with control. Under
that condition, subsequent bath application of H2O2 decreased the Kv currents.
Pipette application of glutathione reductase and NADPH for blocking conver-
sion of GSH to GSSG prevented the increasing effect of H2O2 on the Kv cur-
rents. In organ chamber mechanics experiment, bath application of H2O2
relaxed arterial rings precontracted with norepinephrine. Pretreatment of di-
thiothreitol, a thiol-specific reducing agent prevented the relaxation by H2O2.
Present results indicate that H2O2 activates KV channels under reduced, phys-
iologic conditions whereas it inhibits the channels under oxidized conditions in
MASMCs. The glutathione redox system seems to primarily mediate the H2O2-
regulation of the Kv channels.
Key words: Hydrogen peroxide; Mesenteric arterial smooth muscle cell; Kv
channels; Redox; Glutathione.1546-Pos Board B456
Phosphorylation Regulates Gating and Channel-Protein Interaction in the
Slack Kna Channel
Matthew R. Fleming, Leonard K. Kaczmarek.
Naþ-activated potassium (KNa) channels encoded by the Slack and Slick
genes contribute to neuronal adaptation during sustained stimulation and reg-
ulate the accuracy of timing of action potentials. Activation of protein kinase
C (PKC) increases the amplitude of Slack-B currents and slows their rate of
activation. We have now identified a specific residue that is required for mod-
ulation by PKC and have found that phosphorylation alters the interaction of
Slack channels with other components at the plasma membrane. Using Liquid
Chromatography tandem Mass Spectrometry (LC-MS/MS) on immunopuri-fied Slack-B protein, in combination with site-directed mutagenesis, we
have found that at least three specific residues in the Slack protein are phos-
phorylated in the basal state, and that only one site (S407) is absolutely re-
quired for PKC activation to alter the gating of Slack-B channels. The
Slack protein is known to interact with a variety of cytoplasmic signaling mol-
ecules, including FMRP, the Fragile-X Mental Retardation Protein. We have
now also found that phosphorylation may modify interactions of Slack with
these cytoplasmic components, Using resonance wavelength grating optical
biosensors (the Corning Epic system and the SRU Biosciences BIND system),
we have determined that the pharmacological activation of Slack channels by
bithionol produces a sustained decrease in mass distribution close to the
plasma membrane. Changes in mass distribution are specific to Slack channel
because activation of the very closely related Slick channel with bithionol
does not alter mass distribution. Moreover, when Slack channels are treated
with bithionol after pretreatment with an activator of PKC, the change in
mass distribution is very significantly reduced. Our findings suggest that, in
addition to regulating channel gating, phosphorylation of Slack modulates
its protein-protein interactions with cytoplasmic components.1547-Pos Board B457
A novel Voltage Gated Proton Channel in a Dinoflagellate
Susan M.E. Smith, Deri Morgan, Boris Musset, Vladimir V. Cherny, Allen
R. Place, J Woodland Hastings, Thomas E. DeCoursey.
A decade before the first voltage-clamp study of voltage gated proton chan-
nels, Fogel & Hastings (1972, Proc. Natl. Acad. Sci. USA 69:690-693) pro-
posed the existence of voltage gated proton channels in dinoflagellates,
where they are thought to mediate proton flux from vacuole into the scintillon,
triggering a bioluminescent flash in response to mechanical stimulation. We
identified a candidate proton channel gene from a Karlodinium veneficum
cDNA library based on homology of key regions of known proton channel
genes. K. veneficum is a predatory, non-bioluminescent dinoflagellate notori-
ous for producing a variety of toxins (Sheng et al, 2010, Proc. Natl. Acad. Sci.
USA 107:2082-2087); its blooms coincide with fish kills in the coastal waters
of four continents. This species was recently proposed as a source of biodiesel
production (Fuentes-Gru¨newald et al, 2009, J. Ind. Microbiol. Biotechnol.
36:1215-1224). We have expressed the Karlodinium gene heterologously in
both HEK-293 and COS-7 mammalian cell lines. Patch clamp studies confirm
that this gene codes for a genuine voltage gated proton channel that is acti-
vated by depolarization and is extremely selective for protons. Similar to other
known voltage gated proton channels, the gH-V relationship shifts positively
when pHo is decreased or pHi is increased. The time constant of activation
(tact) exhibits non-monotonic voltage dependence, increasing with depolariza-
tion just above Vthreshold and then decreasing with larger depolarization. In
most respects, the properties of Karlodinium proton channels qualitatively re-
semble those of other proton channels, but a number of distinctive properties
are currently under investigation.1548-Pos Board B458
The Conformational Transition of Kv1.2 Voltage Sensor Domain from
Molecular Dynamics Simulations
Luca Maragliano, Fatemeh Khalili-Araghi, Emad Tajkhorshid,
Klaus Schulten, Benoit Roux.
Voltage-gated potassium channels undergo gating conformational transitions
in response to variations of the potential across the membrane. They are ho-
motetrameric proteins with each monomer formed by two structurally and
functionally different domains, the Voltage Sensor Domain (VSD, helices
S1 - S4), and the Pore Domain (PD, helices S5 and S6). The transition starts
at the VSD, where charged residues, four arginines on S4 in particular, re-
spond to changes in the transmembrane electric field, and is then propagated
to the pore. The open and closed states of the Kv1.2 full-channel have recently
been modeled and refined via extensive molecular dynamics (MD) simula-
tions, starting from the available X-ray structure in the open state. However,
the atomic details of the sequence of events along the transition connecting
these states are still unknown. To investigate this transition, we employ the
string method with swarms-of trajectories with all-atom MD simulations. In
the string method, the transition path is represented via a chain of states, or
images, in the space of a large set of collective variables, called a string.
Given an initial guess for the string, this is evolved to the most probable
path by using the average dynamical evolution of the collective variables at
each image. Once the string has converged, we use it to compute the free en-
ergy and the rate for the transition by applying a recent variation of the mile-
stoning method. We study the conformational transition for an isolated VSD
as well as for one VSD in the full-length channel starting from the open
